This paper reports ground and excited states calculations of dendrimer by a methodology based on INDO/S, including electronic correlation CI. The results reveal the existence of different electronic patterns for the different generations of this molecule. The results indicate that this class of dendrimers has a peculiar behavior on dipole moment of the different families. These results are consistent with recent experimental data supporting the importance of this state for the mechanism of the interaction of dendrimer. The mechanism of relaxation of dendrimer is supported by the absorption spectra simulation and the conclusion comes by analysis of main transitions presents on different generations of this class of molecules.
INTRODUCTION
Dendrimers are a new class of monodisperse, highly branched, globular materials. Due to their structure, dendrimers promise to be new, effective materials. 1 2 The study of symmetry of dendrimer (DG) has been the subject of continuous investigation since Mansfield 3 called attention to the unexpected fractal dimensions of this class of material. Several experimental works about the structure of the DG have been presented in the literature, e.g., Spectroscopic evidence of fractal antenna 4 and nonlinear optical properties. 5 6 The dynamic investigation of excited states of DG [7] [8] [9] is still open because this material has an interesting interaction with biological molecules and it has been utilized as sensor. 10 11 Although it is possible 12 13 to correlate molecular parameters (such as shape, size and electronic structure) of a given compound to its biological activity and it remains unclear at this moment the details of the action of DG upon biological systems. It is known 14 that the interaction of biological molecules can be dependent on the electrostatic fields generated in the process of charge transfer, and these fields are mainly determined by geometrical factors. [15] [16] [17] [18] This work, describes the results for the ground and excited states of DG and the evolution of dipole moment with the generation of DG are compared. The absorption * Author to whom correspondence should be addressed. spectra are presented by a methodology based on INDO/S Hamiltonian and a discussion upon the main electronic transitions are described. Figure 1 presents the schematic general structure of four generations of dendrimers presented in this work. The central unit corresponds to Nitrogen (In this work represented by G N , where N index represents the generation of dendrimer) and Carbon + hydrogen (In this work represented by G N E, where N index represents the generation of dendrimer) atoms.
METHODOLOGY
These molecules were completely optimized and the absorption spectra were obtained by the ZINDO 19 20 package created by Zerner et al. for consider the vertical transition for the excited states in the description of the absorption process.
In the calculation performed here it is taken into account from the first 30-UMOs (Unoccupied Molecular Orbitals) to the last 30-OMOs (Occupied Molecular Orbitals) and adopted the Mattaga-Nishimoto parameters modified to give the best description of the UV-visible optical transitions. [21] [22] [23] For better understanding the electronic charge distribution (and the conformational change) which must accompany the excitation process, it has been compared the dipole moment of each molecule to these corresponding to the optimized lowest singlet ground state configuration. Figure 2 presenting the absorption spectra of these dendrimers. The methodology for this calculation is based on INDO/S-CIS Hamiltonian as described in the previous section. The bands were obtained by broadening each of the principal transitions by a suitably weighted Gaussian function normalized to the calculated oscillator strengths. 23 24 Figure 2 G 0 presents the spectrum for the first DG generation, G 1 for second generation and so on. In G 0 case there is seen mainly two bands centered at ∼210 nm and ∼340 nm. In the Figure 2 G 1 it can seen again two main bands for energies centered at ∼360 nm and ∼305 nm.
RESULTS AND DISCUSSION
In the Figure 2 G 2 it can seen all spectra are quite similar with G 0 , and bands centered at 325 nm (red shifted when compared with the first band in G 0 and 215 nm (blue shifted when compared with the second band in G 0 . The behaviour for G 2 largest band is changed compared with G 0 . Figure 2 G 3 presents the spectrum for generation four of DG. For this case there is seen again mainly two bands centered at ∼360 nm and ∼280 nm. These bands have the same behaviour of G 1 DG but oscillator strength stronger than G 1 . 
In Table I it can seen the nature of the transitions and it can used to clarify the main composition shown in the above figure. For G 0 and G 2 the first optically active contribution has only a single H → L transition (a transition from the highest occupied molecular orbital (HOMO), H , to lowest unoccupied molecular orbital (LUMO), L ).
For Table I .
The Figure 3 presents for G N E DG (HC unit in the center of DG as shown in Figure 1 ) the same analysis of electronic structure as above for G N DG. In this case there is seen a similar effect as G N N = 0 2 except for a small shift in second absorption band provoked by a charge rearrangements in central site.
The G N E absorption spectra shows a generalized blue shift provoked by relaxation on the hybridization of HC unit compared with the N atom but they are similar (G 0 with G 0 E G 1 with G 1 E and so on.), with the largest band centered in the 280 nm to 257 nm region for the generations (0 to 3). Also, the shift is provoked by a twisted angle between the rings but the nature of this difference will be presented in Table II. For the G N E DG the most important absorption lines transitions are composed essentially by a mixing of several Fig. 3 . INDO/S-CIS theoretical absorption spectra for dendrimer on G N E species, calculated using optimized geometry. 
transitions, however, corresponding to states between H − 2 and L + 2 . Other transitions, however, also contribute to the absorption spectra corresponding to states between H − 9 and L + 6 . In other words, more states contribute to the absorption optical transitions. The - * transition corresponds to the band centered in differents regions (Please note in Table II ). The dipole moments for the ground state of these molecules (Figs. 4 and 5) it have also calculated.
In all cases the ground state has the lowest value of the dipole moment, while the largest of the three values is for first triplet excited state. This behavior is not usual as can be seen in the case of methyl orange (a pH indicator) and retinal molecules. 25 26 The G N DG has the largest dipole moment for the first generation and it decreases with the increasing of generation. The opposite effect is presented for G N E DG, while it increases the dipole moment with the increasing of generation. As a consequence it can be expected, upon (spin-conserving) optical excitation from the fundamental state to the first excited state a larger change must occur for the value of the dipole moment in the G N DG than in the G N E DG families. One can therefore expect that this difference ≡ e − g in the polarization properties of G N DG and G N E DG must have a direct effect upon both their first hyperpolarizability and on the relative intensities of their absorption and emission solvatochromic shifts. 27 When we try to rationalize these differences in terms of the corresponding distribution pattern of the net charges along the molecular structures, it is suggestive that the most noticeable difference in the atomic charges of the G N DG and G N E DG is identified for the difference of hybridization in the central atom.
The unusually effect value predicted for these families of DG for the dipole and the peculiar behavior of the absorption spectrum can be understood in terms of variations in the conformation for these molecules. In all calculations the optimized conformation of the DG has been found to be a sharply twisted conformation of the rings. Recent experimental papers dealing with the existence of dendrimer in triplet excited state form responsible for interaction with others molecules. 28 29 Also, the results show a strong confinement of excitations at the center of the dendrimer and dependence with the intermolecular electronic distribution is observed. In the dendrimer investigated, all dendron units are founded to contribute to the dendron absorption explaining the 
SUMMARY AND CONCLUSIONS
In this paper the well-known INDO/S-CIS method has been used to investigate the ground and the excited state of two classes of dendrimers in generations from 0 to 3. The knowledge acquired from the comparison of the electronic distributions, main transitions and corresponding absorption spectra of these molecules can give us more insight into the action of dendrimers.
From preliminary calculations on dendrimer precursors 27 28 and the above results it is believe that it could be possible to improve the activity in excited states of dendrimer by chemical modifications that could create an increase of the charge liquid at specific sites to control the charge transfer upon excitation.
The analysis of the principal transitions present in the calculated absorption spectra reveals that a mixing of transitions are dominant for both classes of dendrimers.
There is a remarkable intermolecular electronic rearrangement (with associated change in bond lengths and diedral angles) caused by a strong confinement of excitations at the center of the dendrimer. Different behavior of electronic transitions for even and odd of dendrimer molecules. The principal transitions of G odd and G odd have deeper energy levels than G even and G even . Inverse effect of dipole moment of Gn compared with the GnE dendrimer.
